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Abstract  
There is an increasing concern on the potential risk of Caesarean birth on child health outcomes. 
This study aims to present the current available evidences on the effect of Caesarean section on 
child’s growth and development. Literature searching were done on several online databases to 
identify articles which discussed the effect of Caesarean birth on child’s body weight, length, 
nutritional status, cognitive development, memory, learning ability, and intelligence quotient. 
Several studies showed positive association between Caesarean and risk of overweight and obesity 
in childhood, adolescence, and adulthood. While, there has not been sufficient evidences to 
confirm the association between C-section and child’s cognitive outcomes.  
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Introduction 
 
Concerns have been raised due to increasing number 
of Caesarean deliveries towards the health of mother 
and baby. There are evidences that linked Caesarean 
section (C-section) with child health outcomes.1,2 
Data from 150 countries from year 1990 to 2014 
recorded the rate of global C-section was 18.6%. In 
Indonesia, the Basic Health Research (2018) found 
about 17.6% of all births were delivered by C-
section.3 This number exceeds the standards of the 
World Health Organization, as increase in C-section 
rate above 10% had no association with the 
reduction of maternal, neonatal, and infant mortality 
rates.4,5  
 
Initially, C-section was introduced to save mothers 
and infant’s lives. This surgical delivery is important 
and necessary if used according to medical 
indications. Unfortunately, many C-sections were 
performed no longer on the basis of medical 
indications. Maternal request contributed the most to 
the rising trend of C-section.6 The most common 
reason was fear of birth. Hence, medical indications 
for maternal and infants were not the top priority 
reasons. Mothers should be informed with all 
possible risks and benefits of C-section before 
making decision on birth mode.  
The difference birth mechanism between vaginal 
delivery and C-section could possibly affect child’s 
health. C-section is considered an unnatural birth 
mode, in which it lack the birth canal compression 
and involves surgical procedures that might reduce 
the early mother-child interaction.7 In recent years, 
researchers have done many investigations to 
understand the possible adverse effect of C-section 
on child growth and development.  
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This article is part of Series on Caesarean Section. 
We aimed to describe the potential health risks of C-
section on child growth and cognitive development. 
In regards to child behavior, it will be discussed in a 
separate article. 
 
Methods 
 
We identified articles through various sources, such 
as online database (PubMed/Cochrane), surveys and 
reports from international organization or national 
institutions. We searched for the effect of C-section 
on child growth (body weight, length, nutritional 
status), and development (cognitive, memory, 
learning ability, intelligence quotient). We aim for 
studies with best methodology, i.e. systematic 
review and meta-analysis. 
 
Results and Discussion 
 
C-section and child growth 
  
It has been hypothesized that Caesarean birth mode 
is associated with the changes in gut flora of infants. 
The pattern of gut microbiota in early life affects the 
composition of microbiota in the long run.8 Shao et 
al conducted a cross-sectional study testing 596 
healthy babies and assessed the composition of gut 
microbiota between those vaginally delivered and C-
section. The study found that birth mode is a 
significant factor in the difference of infant’s gut 
flora.9 Gut microbiota samples from babies 
delivered vaginally were dominated with 
Bifidobacterium species; while these were found 
much less in Caesarean babies. Enterococcus 
species and other bacteria associated with hospital 
environment were found in substantially high 
amount in those born through C-section. The 
differences are significant in the first three months 
of life, and slowly disappear after 6 months.10 
Nonetheless, the early microbial colonization could 
have long-life implications in which it increases the 
risk of developing allergic diseases and disrupts the 
development pathway.11,12 The birth mode is not the 
only factor, breastfeeding, the introduction of solid 
food, and the use of antibiotics are other 
confounders affecting the infant’s gut colonization 
in the first year of life.13,14 
Gut microbiota have an important role in 
maintaining human health. The alteration of 
microbial gut colonization in the early life could lead 
to various immunologic diseases, 
neurodevelopmental disorders, and also obesity. An 
animal study revealed that microbiota increase 
nutrient uptake, including degradation of 
indigestible diet, and promotes fat storage, a 
possible mechanism leading to energy storage and 
obesity.15 The pattern of early microbial gut 
colonization could affect the risk of overweight and 
obesity in later childhood. A healthy human gut 
colonization is characterized by high amount of 
Bacteroides species and higher bacterial diversity.16 
While an obese human gut microbiome has more 
Clostridium and Lactobacillus species.17 Caesarean 
babies have an altered gut microbiome with 
domination of bacteria found in hospital 
environment (e.g. Enterobacter, Haemophilus, 
Staphylococcus species), and less of Bacteroides 
species, Lactobacillus, Bifidobacterium species 
(which commonly found in vaginally delivered 
babies).18 This altered microbiome is associated 
with the risk of overweight and obesity in Caesarean 
babies. Table 1 summarized some evidences 
(systematic review/meta-analysis) related to risk of 
overweight and obesity in childhood and later life.  
Overall, the studies showed positive association 
between Caesarean birth mode and risk of 
overweight and obesity in childhood, adolescence, 
and adulthood. The pooled ORs showed in general 
increased odds of overweight and obesity among 
children above 2 years old. Nevertheless, we should 
be aware that risk of obesity is not merely induced 
by birth mode, but also influenced by genetic and 
environmental factors, e.g. diet pattern, lack of 
physical activities, and socio-economic condition.   
 
C-section and child’s cognitive development  
 
The intestinal microbiome affects not only the 
immune system and nutritional status of human, but 
also the neurodevelopment. A growing body of 
evidences demonstrates the importance of gut-brain-
axis, a bi-directional communication between 
gastrointestinal tract and central nervous system. 
The interaction is facilitated through 
immunological, neural, and endocrine pathway. 
Studies linked the development of neurological 
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disorders due to alteration in gut microbiota.23 
Several mechanisms in which microbiota plays role 
in neurological disorders have been proposed. The 
alteration of gut microbiota affects the level of 
cytokine and stimulate inflammatory response. 
Microbiota could also elicit signals to the vagal 
nerve directly, which link to the brain. In addition, 
gut microbiota can activate hormone response which 
provides communication pathway to the brain.24 
These indicate the initial gut colonization holds 
important process in infant’s brain development.  
As explained in the previous section, the 
delivery mode contributes to the variation in infant’s 
gut microbiota. Caesarean babies have less diversity 
of microbes and less exposed to maternal 
microbes.25 The birth mode, aside from other factors 
(e.g. gestational age, fetal distress, use of antibiotics 
in utero) accounts for the alteration of gut microbiota 
in Caesarean babies. Table 2 showed a summary of 
evidences linking C-section and child’s cognitive 
development (memory, IQ, linguistic). Nonetheless, 
we could not find the highest level of evidence, i.e. 
systematic review/meta-analysis. Hence, we 
presented several observational studies in Table 2.  
Studies compared between planned C-section or 
maternal request with vaginal delivery and assessed 
the outcome, i.e. cognitive ability, learning ability, 
intelligence quotient, in preschool or school-aged 
children. One study found significant negative 
association between C-section and child’s cognitive 
ability (numeracy, reading, grammar at age 8-9). 
The study also found the significant relationship 
between breastfeeding, obesity, and autism 
spectrum disorder with cognitive outcomes. A 
review also mentioned that the role of breastfeeding 
even in the specific working mothers’ population 
should be empowered as the benefits of exclusive 
breastfeeding to support growth and development of 
babies were well established.26 Hence, even though 
the study adjusted these confounding factors, there 
were still unexplained factors that could influence 
child’s cognitive ability. Other studies did not able 
to show any clear relationship between C-section 
and cognitive outcomes. Therefore, we cannot 
support the notion that Caesarean babies had 
delayed cognitive development compared with 
vaginal delivered babies. 
 
Conclusion 
 
Our review identified evidences that assessed the 
potential risks of C-section on child growth and 
especially on cognitive development. Based on the 
current available evidences, positive association was 
found between Caesarean birth and risk of 
overweight/obesity in childhood, and continued to 
adolescence, and adulthood. While, in terms of 
cognitive ability, there has not been sufficient 
evidences to confirm the association between C-
section and child’s cognitive outcomes. 
 
 
 
 
Table 1. Risk of overweight/obesity in childhood and beyond 
 
Author Year n included 
studies 
Risk in children Risk in adolescents Risk in adults 
Li HT et al19 2013 9  3–8 years old:  
1.32 (1.15–1.51) 
9-18 years old: 
1.24 (1.00–1.54) 
>18 years old:  
1.50 (1.02–2.20) 
Sutharsan R et al20 2015 14  £5 years old: 
1.15 (0.94–1.40) 
5–18 years old: 
1.09 (0.91–1.30) 
>18 years old: 
1.28 (1.02-1.34) 
Kuhle S et al21 2015 28 2–18 years old:  
1.34 (1.18-1.51) 
N/A N/A 
Keag OE et al22  2018 6 Overweight at 3–
13 years old: 
1.22 (1.06–1.41) 
Obesity at 5 years 
old: 
1.59 (1.33–1.90) 
Obesity at 6-15 
years old: 
1.45 (1.15–1.83) 
 
Obesity at 20-28 
years old: 
1.34 (1.25–1.44) 
Note: all studies assessed in the systematic review/meta-analysis were observational/longitudinal studies. 
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Table 2. Summary of evidences linking C-Section and children’s cognitive development (memory, IQ, linguistic) 
 
Author Publication 
Year 
Study 
Design 
n  of 
participants 
Location Groups Age group Outcomes 
Hanrahan M 
et al27 
2019 Cohort 8,845 UK Normal 
delivery vs 
planned CS 
3–11 years old 
for verbal 
cognitive 
ability 
5–11 years old 
for visual-
spatial 
cognitive 
ability 
Delay in verbal 
cognitive 
ability:  
0.65 (0.45–
0.94) 
Delay in 
visual-spatial 
cognitive 
ability: 
1.55 (1.07–
2.25) 
Polidano C et 
al28 
2017 Cohort 3,666 Australia Vaginal 
delivery vs CS 
4 to 9 years old Difference in 
numeracy 
ability:  
-0.095 (0.034)*  
Fox NS et al29 2017 Cohort 354 US Planned vaginal 
delivery vs 
planned CS 
2 years old Learning 
disability:  
-0.5% 
(p=0.902) 
Khadem N et 
al30 
2010 Cross-
sectional 
372 Iran Vaginal 
delivery vs CS 
6–7 years old Intelligence 
quotient:  
-0.61 (p=0.46) 
Li HT et al31  2011 Cohort 4,144 China Spontaneous 
vaginal delivery 
vs CS on 
maternal 
request 
Preschool 
children 
Full scale IQ: 
1.6 (-1.3–4.5) 
Verbal IQ:  
2.3 (-0.8–5.5) 
Performance 
IQ:  
0.6 (-2.0–3.3) 
Note: *statistically significant (p<0.05) 
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